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ABSTRACT 



Detecting the desired etch end point in the dry etching of a 
structure that includes a dielectric film formed onto a 
substrate down to a given ihickness Ef . The structure is*^ 
placed in the chamber of an etching equipment provided 
with a view-port. A light source illuminates a portion of the 
structure at a normal angle of incidence through the view- 
port. The light contains at least two specified wavelengths 
(LI. L2) whose value is greater than a minimum value equal 
to 4*N*e (wherein N is the index of refraction and e the 
thickness error of the dielectric). The reflected light is 
applied to spectrometers tuned to each specified wavelength, 
for converting the reflected light into interference signals 
that are processed and analyzed in a dedicated unit to 
generate primary signals (SI, S2). An analysis of the pri- 
mary signals is performed after a predetermined delay. For 
each wavelength, a pre-selected extremum of the primary 
signal is detected and a predetermined number of extrema is 
counted. The counting stops when the last extremum just 
before Ef is reached. As a result, the distance D between the 
last extremum and the given thickness is now determined. 
The etch rate ER is also measured in-situ before the last 
extremum. 

8 Claims, 6 Drawing Sheets 
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FIG. 5b 
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APPARATUS FOR MONITORING THE DRY 
ETCHING OF A DIELECTRIC FILM TO A 
GIVEN THICKNESS IN AN INTEGRATED 
CIRCUIT 

FIELD OF INVENTION 

The present invention relates to the manufacture of semi- 
conductor integrated circuits and more particularly to a 
method and apparatus for monitoring the dry etching of a 
dielectric layer formed onto a substrate down to a given 
thickness. 

BACKGROUND OF THE INVENTION 

In the, course of manufacturing semiconductor integrated 
circuits (IQ. dry etching techniques, including plasma rcac- 

* ...tiye ; ic« etching/RIE), are extensively used for the removal 
or the patterning of layers of various materials, particularly 
of layers of dielectric material formed on the substrate. 
During the removal of such layers or films, pinpointing with 
accuracy the etch end point to stop etching at a given 
thickness is of paramount importance for process parameter 
control and for determining the characteristics and perfor- 
mance of the resulting IC. As a matter of fact, it is essential 
that the remaining thickness of a dielectric layer be equal or 
very , close to the nominal value established in the product 
specifications. In addition, this remaining thickness must be 
maintained at constant from wafer to wafer. Obtaining such 
thickness with adequate reproducibility is a key factor to a 
successful completion of the processing steps to which the 
wafers are subsequently subjected to. 

FIG. 1 is a schematic view of a portion of a wafer which 
consists of a semiconductor structure 10, and which essen- 
tially comprises a silicon substrate 11 and a stack 12 of 
insulating layers formed thereon. Typically, the stack 12 
consists of a lower 30 nm thick Si0 2 layer 13, an interme- 
diate 150 nm thick Si^,, layer 14 and an upper Si0 2 layer 
15. Hie interface between the lower Si0 2 layer 15 and the 
top of SijN 4 layer 14 is labelled 16a. The top surface of the 
Si0 2 layer 15 is referenced 16b. Layer 15 is generally 
formed by LPCVD (Low Pressure Chemical Vapor 
DepositionyFECVD (Plasma Enhanced Chemical Vapor 
Deposition) using tctra-ethyl-ortho- silicate (TEOS) and 
oxygen. The substrate is provided with a shallow isolation 
trench 17. As such, structure 10 is a typical example of a 
silicon wafer after an isolation trench is formed during the 
fabrication of a 16 Mbit DRAM chip. At this stage, the 
structure 10 is pianarized and the initial thickness E of the 
Si0 2 layer 15 is reduced to a predetermined value Ef, 
commonly defined in the product specifications. To that end, 
the structure 10 is coated with a layer 18 of a planarizing 
medium, such as a photo-resist having broadly the same 

. . etch rate as the Si0 2 _materiaL The, structure 10 is etched 
back inside the chamber of a conventional dry etching tool. 
This etch back is generally completed in two processing 
steps, each having its own gas chemistry. During the first 
step of the etch back process, the structure 10 is etched until 
the top of the Si0 2 layer 15 is exposed. In the second step, 
which uses a more reactive gas chemistry fox greater 
aggressiveness, the Si0 2 layer 15 is etched from surface 16b 
to a depth equal to Exf=E-Ef. The planar top surface of the 
remaining Si0 2 layer 15 after etching is referenced with 
numeral 16c. 

FIG. 1 shows a typical structure fabricated in a manufac- 
turing environment It generally consists of a substrate (that 
includes a silicon substrate 11 upon which a layer of Si0 2 13 
and a layer of SijN 4 14 are formed thereon) coated with a 
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dielectric layer (Si0 2 layer 15). It requires two different 
optical media at the interface 16c to allow mterferometric 
measurements and to etch the dielectric layer down to a 
given thickness using a dry etching tooL 

5 The etch back process may be monitored in its totality 
using the well known time thickness control technique 
which is based on the assumption that the etch rate of the 
Si0 2 layer 15 is constant and can be determined before the 
etch back step of the wafer takes place. The etch rate value 

io is determined either from the teachings obtained from the 
processing of a previous lot on the same tool or by process- 
ing a sample wafer of the lot under consideration inside the 
tool and then determining the etch rate value from this 
experiment The latter is more accurate but it is time 

is consuming and may lead to wasting an expensive wafer for 
each lot, such as in the case of over-etching, which is not 
acceptable in a rnanufacturing environment According to - 
the time monitoring technique, the etching process is 
stopped as soon as the final etched thickness Exf is attained. 

20 The real thickness Eyf of the remaining Si0 2 layer 15 is 
finally measured according to standard spectroscopic inter- 
ferometry techniques and compared to the desired final 
thickness Ef . If the Si0 2 layer 15 is found to be over-etched, 
the wafer is rejected since no adjustment is possible. If the 

25 thickness Eyf is above the desired final thickness value Ef. 
the wafer is submitted to a new etching step in order to come 
closer to the desired thickness Ef. In this case, an additional 
etch-back and corresponding measurements are required as 
well 

30 Another well known monitoring technique is based on 
interferometry. This technique allows in-situ. real-time, and 
on-line control of the current etched thickness Ex (the 
current thickness of the remaining Si0 2 layer 15 is refer- 
enced Ey, wherein as Ey=E-Ex). During the etch back 

35 process previously mentioned, once the top of the Si0 2 layer 
15 is exposed, the etch rate and the current etched thickness 
Ex can be continuously and accurately monitored. Accord- 
ing to the standard technique, a monochromatic radiation 
emitted by a laser impinges the wafer incorporating the 

40 structure 10 at a normal angle of incidence. Interference 
fringes are formed by the radiations refracted from the top 
of Si0 2 layer 15 and at the interface 16a formed between 
Si0 2 layer 15 and the underlying layer 14 of Si^. An 
adequate detector, generally a photo-diode is iUuminated by 

45 the reflected radiations and generates a signal whose inten- 
sity varies with the thickness of Si0 2 layer 15 to be etched. 
An improvement of this technique is described in European 
Patent No. A-05 11448, of common assignee. According to 
this reference, a laser is no longer required, a determined 

50 radiation emitted by the plasma (in this case, the SiBr line) 
is observed through a top view-port by a spectrometer 
operating as an interferometer and through a side view-port 
- by a second spectrometer. -The signals generated by these- -~ 
spectrometers are processed by computer according to the 

55 claimed method described therein. This technique requires 
radiation of sufficient intensity to be observed The etching 
process stops when Ex=Exf. The thickness of the remaining 
Si0 2 layer is thus given by Eyf=E-Exf. The true thickness 
Eyf of the remaining Si0 2 layer cannot be measured on-line 

60 and in-situ with this technique, but needs to be performed 
outside the dry etching tool. In addition, the plasma is a very 
unstable medium whose parameters can only be determined 
by process requirements (and thus not for monitoring), the 
selected radiation of a determined wavelength may reveal 

65 itself not to be optimal. Finally, the plasma is not a pin-point 
source. As a final result this improved method still suffers 
from severe limitations. 
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The insulating layers cited above, particularly the Si0 2 refractive index is given by N±n, with N=1.48 and the error 

layer 15 that was formed by LPCVD techniques, are known n=0.002, i.e., toe true value of N varying between about 146 

aJ^ZS «.J3? tad 5^. A i a re5Ult • thic ^ ness of toe and ^ 1-50. As soon as a discrepancy occurs between the 

^Hl^ 0 ™^ com ^ sition °/ me selected wavelength and the lefrarfve index, a degradation 

tfed material may significantly vary from wafer to wafer. 5 k ±e signal oSmM ^ ^ spectromSer ^ueTas 

JSSS ^! U fTl,^? 0il T iai '^ k T iM ustratc< ^y curve 19b of FIG. ^tn^cL'mo^! 

f™l™f^T^ Ebutnmst tearrroxunatedby ing the dry etch process to detect the etch end point is no 

a value equal to E±e, wherein e represents the admitted error longer possible 

on the thickness due to process variations during the ™ ... , . . . . „ , 

LPCVD deposition. Typically, e is equal to about 10%of the 10 ri,,^^ ^ f ' ? Sl ° 2 ^ ^ 

initialtm^essofmeS^ layer 15. Thus, ^ Aus equal to «01« miL ms vdue !S coir^ed wim the 

etched thickness, the final thickness of the remaining Si0 2 thlckness . of * e ^ 15 remaining after the pla- 

layeris given by Eyf=(E±e>-Exf. This value Eyf may differ nallza f° I j s *P> V™*^ by Ef=100±5 nm. As 

from the desired thickness value Ef. Alternatively, the l a %*' the error e=65 nm related to the nominal thickness 

error+e relative to the original thickness E of the Si0 2 layer 15 ^ 6 ^™°f^&0 2 layer 15 is related to the thickness of 

IS is reported to the real final thickness, ie., Eyf=Ef±k The remaining Si0 2 layer 15 in its totality, while the thick- 

interferometric method thus provides an accurate and con- " CSS ,?T° r 00 * e remaining Si0 2 layer 15 that is sought 

"tmuous-measurement of etched thickness Ex (stop etching ..*ould be eq^ to.or be less than.5.nm..It is important mat . 

when a determined thickness Erf has been removed). ™* ™" s ^J* ° f the jame order of 

Unfortunately, this is not the current thickness Ey of the „ ma f n ? ude me thickness Ef=100 nm of the remaining 

Si0 2 layer 15 which remains on the substrate and, thus, the 2?? ^ A **** Problem is thus to dhmnate me 

true final thickness Eyf at the end of the etch back operation. Uuckness etror e me refraction Mdex a - 

This results in a lack ^of compensation of die thickness SUMMARY OF THE PRESENT INVENTION 
errorre, since tne true final thickness Eyf of the remaining 

Si02 layer 15 that is obtained at the end of the etch process 25 Tne present invention aims at monitoring the dry etching 
is not directly available in real time for comparison with the process of a structure comprising a dielectric film formed 
thickness Ef. onto a substrate. The main object is to etch the dielectric film 
These considerations will be better understood by refer- ( e -8- ^ e Si0 2 layer 15 in FIG. 1) whose nominal thickness 
ence to FIG. 2(a) which shows a sine wave curve labelled E is ^J 00 * to 311 0101 e down to a given thickness Ef 
19a that is theoretically generated by the photo-diode of the 30 n J easur ^ d from me interface between the bottom of said 
spectrometer. In reality, due to the presence of harmonics in dielectric film and the substrate. The thickness is accurately 
the signal outputted by the spectrometer, the signal is defined in the product specifications, 
periodic but it is not sine wave shaped. In the case of normal Another object is to eliminate the error n on the nominal 
incidence, two successive extrema (minima to maxima or refractive index N and, more generally, of the optical char- 
conversely) which correspond to a half-period are separated 35 acteristic dispersion within the stack 12. Typically, the 
by a distance d according to the relation d=L/4*N, wherein substrate is part of a semiconductor wafer and consists of 
L is the wavelength and N the refraction index of the Si0 2 silicon coated with a layer of insulating material (e.g., the 
layer 15. In turn, the etch rate ER and the etched thickness composite Si0 2 13/SL>N 4 14 layer shown in FIG. 1). 
during the half-period is correlated by the equation ER=2*d7 In a preferred enuxKiiment, a primary innovation consists 
T, wherein T is the period of the periodic signal. Because of 40 in the use of a multi-wavelength light source, such as a 
the thickness error e due to the process variations mentioned mercury lamp, that generates a light containing at least two 
above, the current thickness Ey will depend on the real radiations having specified wavelengths. These wavelengths 
thickness value of the Si0 2 layer 15 (i.e., E±e), as illustrated LI and L2 are greater than a minimum wavelength i-mfa, 
in FIG. 2(a). Curve 19a passes through a maximum at wherein Lmin=4*N*e. This light ffliiininates a large portion 
interface 16a. Process variations thus lead to an error while 45 of the wafer that is placed inside a dry etching tool at 
cctennining Ey which results in stopping the etching process substantially a normal angle of incidence (via an optical 
at a final thickness value Eyf of the remaining Si0 2 layer 15 fiber and a collector lens). The reflected light is applied to 
which may be significantly different from the desired thick- two spectrometers, each being adapted to process one radia- 
ness Ef. tion. The analog signals that arc outputted from the spec- 
Addirionally, differences in composition exist in the 50 trometers are illustrative of the interferences in the reflected 
deposited materials forming the various layers of stack 12 light These signals are converted to digital signals in 
mentioned above with respect to the expected compositions. respective A/D converters, and applied to a digital computer 
In particular, this results in slight differences in the nominal tor signal processing and analysis. The computer processes 
- refraction index N of the Si0 2 layer 15 and, more generally, the - signals to generate filtered- and normalized- primary - 
of the refraction index of all the other layers forming stack 55 signals SI and S2, and their respective derivative signals S'l 
12, Moreover, other layers may also have a variable thick- ' and S'2, using numeric filtering thereof. It is recommended 
ness with regard to their respective nominal thickness, tohaveapliaseshift(e.g.,aquartexofperi 
producing significant topographical differences. Finally, dif- According to a preferred method of the present invention, 
ferences between product wafers within a lot are a major the parameters that specify the etch end point and determine 
source of concern. These differences generally result from 60 the etch end point criteria are first determined. The nominal 
process variations that are inherent to any semiconductor thickness E of the dielectric film makes it possible to 
devices manufacturing technology. The sine wave curve 19a detenmne the number of periods of the primary signal S (S 
of FIG. 2(a) is illustrative of a perfect adaptation of a meaning either SI or S2) between the top of the dielectric 
wavelength L of the monochromatic radiation with the film and the film/subsorate interface. Experiments show that 
nominal refractive index N of the Si0 2 layer 15 and, more 65 primary signal S has an extremum (e.g., a minimum or a 
generally, of the optical characteristics of stack 12. As far as maximum) at the film/substrate interface. Next, the given 
the structure 10 of FIG. 1 is concerned, the true value of the thickness Ef is also converted in terms of periods. It is thus 
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possible to identify the furthest extremum signal S that can 
be achieved prior to attaining the given thickness Ef. The 
furthest extremum is at a full-period (or a multiple thereof) 
distance from the interface. A delay must be reserved to 
perform certain selection tests and measurements before the 
last extremum is attained. On the other hand, it is also 
required not to initiate any signal processing before the 
numeric filters are stabilized. Now, an extremum on the 
curve can be selected in the authorized period which 
reserves these delays. The time that is required to travel from 
the top of the dielectric film and the selected extremum is 
referred to as the RATE TIME FT (FT meaning either FX1 
or RT2). The RATE TIME KT is thus a 'time disregarding 
period" which takes into account all these timing require- 
ments. The number X (X meaning either XI or X2) of zeroes 
between this selected extremum (not included) and the 
furthest extremum can thus be determined. The manner how 
the primary signal S reaches the selected extremum (in an 
up-going or down-going transition) is also identified and is 
represented by a sign A (A meaning either Al or A2). The 
remaining thickness D (D meaning either Dl or D2) which 
corresponds to the distance between the furthest extremum 
and the given thickness can be easily determined. One can 
now define a STOP THICKNESS parameter ST (ST mean- 
ing either ST1 or ST2) represented by AXD. The etch stop 
is accurately defined by the etch end point criteria comprised 
of RT and ST and by the etch rate which is measured in- situ 
and on-line for the wafer being etched. The RATE TIME and 
STOP THICKNESS parameters may be determined either 
by computations (at least for a coarse approximation) or by 
processing a wafer (a sample or an ideal product wafer) in 
a preliminary run. The etch end point criteria are inputted in 
the computer. 

The product wafers are then processed under the control 
of the computer. First, the computer waits for me "rime 
disregarding period" (corresponding to RT) before analyz- 
ing the primary signal S. Once this period of time has 
elapsed, it identifies the selected extremum and counts the 
number X of O's to detect the last extremum During this 
time, it also proceeds to select tests to determine which 
wavelength is the most adequate. It then makes measure- 
ments to determine the etch rate ER (ER meaning either ER1 
or ER2). These operations are performed for each of the 
primary signals SI and S2. Before the earliest of the two last 
extrema is reached, the computer selects the best primary 
signal SI or S2 as the result of the selection tests mentioned 
above. Finally, it determines the remaining etching time dt 
to travel from the last extremum of the selected primary 
signal to the given thickness. This time dt is given by 
dt=D/ER. In fact, while searching for the extrema of primary 
signals SI and S2> the selection tests and the measurements 
mentioned above are preferably conducted on the derivative 
j^g^S\a^^2fct\^^cmcy. 

If the technology ensures that no (or a negligible) refrac- 
tive index dispersions in the dielectric film exist, or if a 
dedicated monitoring site is used, then, in a second preferred 
embodiment, only one wavelength (and thus one 
spectrometer) that generates a single primary signal S and a 
small size light beam can be envisioned. 

The method of the present invention of monitoring the dry 
etching of a dielectric film down to a given thickness thus 
significantly departs from the known interferometric moni- 
toring techniques described above, wherein the etched thick- 
ness is measured from an imprecise origin, i.e., from the top 
of the dielectric film. According to the present method, the 
monitoring is performed from the dielectric film/substrate 
interface to stop etching when the desired thickness is 
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reached. In addition, at least two wavelengths are used, 
instead of using one wavelength radiation (that could gen- 
erate poor interference signals in case of incompatibilities 
with the refractive index of the dielectric film). Problems 

5 which result in variations in the nominal thickness and 
refractive index of the dielectric film that are inherent to the 
manufacturing process can now be overcome. Therefore, 
according to the present invention, the dry etching of the 
dielectric film down to a given thickness is performed with 

io great accuracy and reproducibility. The method of the 
present invention finds a wide range of applications and 
technical domains, not only in the planarization of layers, as 
illustrated above by reference to FIG. 1, but more generally 
in the polishing of a dielectric film down to a given thick- 

15 ness. 

OBJECTS OF THE INVENTION . ....... 

It is therefore a primary object of the present invention to 
monitor the dry etching process of a dielectric film formed 
20 on a substrate down to the desired thickness (referred to as 
the given thickness) of the dielectric film mat remains on the 
substrate. 

It is another object to monitor the dry etching process of 
2^ a dielectric film formed on a substrate down to the desired 
thickness, wherein the etch end point criteria are determined 
from the dielectric film/substrate interface and not from the 
top of the dielectric film, as practiced in the art 

It is another object to monitor the dry etching process of 
30 a dielectric film formed on a substrate down to the desired 
thickness with great accuracy and full reproducibility for all 
wafers of a lot- 
It is still another object to monitor the dry etching process 
of a dielectric film formed on a substrate down to the desired 
35 thickness that is independent from film thickness and varia- 
tions In composition due to the manufacturing process. 

It is still another object to monitor the dry etching process 
of a dielectric film formed on a substrate down to the desired 
thickness mat is based upon the use of a large light beam that 
4° include at least two radiations having different and specified 
wavelengths and the selection of the best one. 

It is still another object to monitor the dry etching process 
of a dielectric film formed on a substrate down to the desired 
thickness wherein the specified wavelengths are greater than 
45 a minimum value given by 4*e*N (e being the thickness 
error and N, the refractive index of the dielectric film). 

It is still another object to monitor the dry etching process 
of a dielectric film formed on a substrate down to the desired 
^ thickness that is based upon the use of a small light beam a 
specified wavelength that is greater than a minimum value 
given by 4*e*N. 

It is stiU anqmer object to mo^ 
of a dielectric film formed on a substrate down to the desired 
55 thickness wherein the etch rate is measured in-situ and 
on-line for the product being etched for maximum accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed to be characteristic of this 
60 invention are set forth in the appended claims. The invention 
itself, however, as well as other objects and advantages 
thereof, may be best understood by reference to the follow- 
ing detailed description of an illustrated preferred embodi- 
ment to be read in conjunction with the accompanying 
65 drawings, in which: 

FIG. 1 shows a schematic view of a silicon structure 
provided with an isolation trench at the step of planarizing 



03/07/2002, EAST 



Version: 1. 02 . 0008 



5,658,418 

7 8 

a dielectric film (TEOS SiOJ whose thickness is subject to wafer through top view-port 26 via an optical cable 30 and 

an error e down to a given depth to illustrate the resulting a collector lens 31. According to the teachings of the present 

inherent error e on the thickness of the remaining layer when invention, to eliminate possible optical characteristic disper- 

standard time based or interf erometric techniques are used; sions in stack 12 between the product wafers due to process 

FIGS. 2(o)-2(fc) respectively show the interference signal 5 variations, at least two specified wavelengths LI and L2 are 

which is obtained from the interferometer when the refirac- recommended. In that respect, different practical implemen- 

tive index of the dielectric film is or is not well adapted to tations of the light source 29 can be envisioned, e.g., either 

the selected wavelength; white light sources (such as, xenon or halogen lamps) or 

FIG. 3 is a schematic view of the apparatus of the present polychromatic light sources (such as, low pressure mercury 

invention which includes a polychromatic mercury lamp that 10 (Hg) or argon (Ar) lamps), ftreferably, light source 29 is a 

illuminates a large area of the wafer at a normal angle of low pressure mercury pen ray, such as model 90-0020-01 

incidence and two spectrometers, each being adapted to a sold °Y San Gabriel, Calif., which delivers eight 

specified wavelength, to generate corresponding interf er- radiations with wavelengths in the 254-579 nm range. The 

ence signals; combination of two monochromatic lasers such as model 

FIG. 4 shows an enlarged view of the collimation section 15 1108P 801(1 b Y UNIPHASE, Manteca, Calif., (each tuned to 

of the apparatus of FIG. 3; generate one of two specified wavelengths) or mixed lamp/ 

HG, SA-shows a schematic representation of the wave-- * ^? olu ^ 

forms of signals SI and S2 that are obtained for a sample ^ to * CTtOTial ^ 29 * Preferred for the 

wafer (an ideal product wafer) at the output of the spec- f^^S reasons: first, it offers a wide choice of wave- 

trometers for each selected wavelengths LI and L2 and the 20 lcns ^ ; secondly it is a stable source of light whose intensity 

signals S'l and S'2 that are respectively derived therefrom by ™V be adjusted independently of the plasm a conditions 

numeric filtering* ^ finaUv > of its *°w cost and with reduced dimensions 

FIG. SB shows the signals illustrated in FIG 5A when the "* f^eous when compared to a laser having 

thickness error e is take^n co JcSn „ wavelengths C^Ucal cable 30 includes a plurality of 

tnn a „i a . _ ^_ , 23 elementary optical fibers adapted to transport light Licht 

FIG. 6 shows a flow chart that fllustrates the essential reflected back from the surfed of wafer Mis delected by 

¥*?J* *f. me * od ? f ™o*°™e the dry etching of a optical cable 32 which includes optical cables 32A and 32B, 

idectnc film formed on a substrate down to a given as illustrated in FIG. 3, having the same construction as 

thickness, according to toe present invention; optical cable 30. The elementary optical fibers forming 

FIG. 7 shows the waveforms of signals Sl/S'l and S2/S'2, 30 optical cables 30 and 32 are arranged to display the same 

when both wavelengths are adapted to the refractive index N optical axis perpendicular to the wafer 24. In a particular 

of the dielectric film; and implementation, they are assembled close together and ran- 

FIG. 8 shows the waveforms of signals Sl/S'l and SVS2, domly to form a single bundle of fibers. Optical cables 30 

when the wavelength of signal S2 is not adapted to the and 32 are constructed from fibers forming the bundle, as is 

refractive index N. 35 the case for optical cables 32A and 32B mat form optical 

DESCRIPTION OF THF PRFFRPRPn ^ ^ However ' a set of three different optical cables 30, 

DESCRIPT^OFTmPREFERRED 32A and 32B would do just as well. Optical cables 30 and 

EMBODIMENTS 32 view the wafer 24 at a normal angle of incidence. Lens 

Description of the System 31 provides a parallel light beam through top view-port 26. 

s,^,, . . t . , 40 Each optical cable must provide a solid angle that allows 

^ ™ £ *ere * shown an etching and a fllumination/capairc of the emitted/reflected light from a 

morutonng system 20 that is adapted to carry out the method relatively large area of the wafer 24. Optical cables 32A and 

™? nm S^ S , ySt T * l ndUdeS 32B are respectively connected to spectrometers 33A and 

equipment 21 which consists of an etch-treatment chamber 33 B. One such spectrometers is the model known by the 

22 enclosing a planar-shaped susceptor 23 that holds the 4 5 trade name DIGE5EM that is coirnnercially available from 

M vi^rrri ^ P™"™™ 1 ? SOFTE INST., of Arpajon, France. This model is tunable 

«™£^?t L^^f £ ST Dt * " over a Grange spectrum of radiations and, in the present 

ES^S? f h - tre ^ tmcnt d r^5 r *** * case, to me wavelengm of the polychromatic light emitted 

tot ou window or (view-port) 26 made of material that is by mercury lamp 29 Each speedometer comprises a mono- 

™KLl^ ^velengths used, so that the wafer 24 50 chromator and a detector. The transmitted Ught is received 

^£n~7^w? ™^ rC ^ DS ', a DOlmal ^ me «*» driven monoehromator which Iters all r a dl a . 

incidence u preferred. With the particular implementation tion wavelengths, e xcept the one tn h* n m m w,) ^~ 

or 0 ^^^ 6 ™? ^ *Z ^ 81 t0 - P ^a- cd J „ £ Served by the d etector. The 

tZ^J^£' m ?V^£ >Ua *' U " hat dcteCt0r ^ te cithcr ' a " detector or; 

E^ASVrr^TT Uy r >V f le 55 Preferably, a low noise photomultiplier tube combined with 

wfT^ M f I f UAI ^ ^ ^ aara > Calif., an an analog filter and an amplifier. Analog interference signals 

eS r^S^h 1? f ^ that are outputted by mTarrmlifying sections of spei- 

* u fr °° 1 ' *? iS ** e,ers 33Aand 33B. respectively, are applied to aprocessing/ 

cafoodc and the chamber wan forms the other electrode analyzing unit 34 comprised of an unft35 indudtog two I/V 

^nr^ t0 J^ ^^- ttepb ^ 278enerated 60 anti-alaising (low frequency) filters, two A/D 

St^ nfT ^ ""ST and buffers and a procLm^analyzmg unit 36, 

^^d1h^nfw„ n8 ^ 0ndl i! 0nS - ^ ^ ? such as 8 xftw ^ operated digital com? uter.Sy, com- 
performed, the emission from these species changes in puter 36 generates primary sknals SI and S2 which are 

8 fUDCtl0D 01 ^ ^ ^ ^ rVesentaaveofme™mteWeTence Sab T aSspe^ 

mooincanons^ 6J dve slgnals sl and s , 2 obtained b numclic 

iystem 20 further comprises the monitoring apparatus 28 filtering. Aprinter 37 (or a chart recorder unit or a plotter or 
ot the present invention. A light source 29 ffluminates the a visual display) is connected to the computer Printer 37 
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allows the printing of analog signals that ate generated period. Finally, combining these criteria efficiently prevents 

according to the present monitoring method. Finally, com- any subsequent distortion of signals SI and S2 caused by 

puter 36 monitors the operation of the etch chamber 22 parasitic reflections due to topology and optical properties of 

through control line 38, which is connected to the RF stack 12. By way of example, if e=65 nm and an average 

frequency power supply source 25 via a remote control unit 5 value of N=1.4S, it results that Lmin=385 nm. The mercury 

Tliis line 38 allows automatic switch-off of the etching lamp mentioned above which contains discrete wavelengths 

process at end-point detection when the desired given thick- in the 254-579 nm range is therefore adequate since the 

ness Ef has been attained. Note that only one spectrometer closest wavelengths just above i min are Ll=404.7 nm and 
33 could be used, should an advanced spectrometer such as . L2=435.8 nm. These values meet the above criteria. If there 

model SDA sold by SOFIE TNSTR., of Arpajon. France be 10 were no admitted error on the refractive index N of the SiO 

used. This type of spectrometer is provided with a multi- layer 15 and more generally, no dispersions of the stack 12 

channel photo-diode array. optical properties because of the technology used, only one 

FIG. 4 shows a detailed view of the collimator section wavelength could be used. likewise, the monitoring method 

referenced 39 which consists of a housing 40 which encloses of the present invention could be implemented with one 

a collector lens 31. Housing 40 has a transparent bottom 15 wavelength if it was applied to a specific dedicated site of 

facing the top view-port 26 and is adapted to receive optical the product wafer. However, this approach is not appealing 

• cables 30 and 32 which* are connected to its top:* The shape ' in- a manufacturing environment; - - ■ - 

of the light beam that is directed onto the sample wafer (via B) Determining an etch end point criteria 

optical cable 30) and reflected therefrom (via optical cable For convenience, in the following description, deterrnin- 

32) is referenced 41 in FIG. 4. As illustrated in FIG. 4, a 20 ing the etch end point criteria will be made by reference to 

large area of wafer 24 is illuminated. the graphs depicting the primary signals SI and S2. These 

Description of the Method of the Present Invention f 5 ^J? ^**^*»J computations 

*~ uivcuuun based on product specifications. They can also be obtained 
Prior to etching the wafers, several preliminary steps for by etching a product or a sample wafer (that is provided with 

calibrating the system 20 of these wafers may be required 25 the stack structure of FIG. 1). Sample wafers are extensively 

It is essential that at least one adequate wavelength be used for charaaerization purposes. The sample wafer can be 

selected and that the etch end point criteria be determined. etched until the top of the Si^ layer 14 is exposed, so that 

The wavelength and criteria must be adapted to the product the totality of the interference curves representing signals SI 

wafers in consideration. In the following description, refer- and S2 is obtained. These techniques provide the operator or 

ence will be made to two wavelengths to eliminate the 30 the computer with a coarse approximation on the behavior of 

thickness oror and the refractive index differences previ- the system 20. The system 20 can also be calibrated with a 

™sjymentioned. product wafer, either an ideal product wafer (i.e., a wafer 

Calibrating System 20 whose Si0 2 layer thickness equals the nominal value, Le., 

A) Selection of wavelengths LI and L2 E=650 nm) to be referred herein as sample or product wafer' 

The criteria for selecting adequate wavelengths will now 35 In the latter case, for an expensive wafer, it is recommended 

be described. The selection, in turn, determines the choice of to stop etching before the estimated etch end point is 

an adequate mercury lamp 29. The wavelengths are reached, to measure the remaining thickness to be etched (in 

extracted from data that can be found in the product speci- order to determine the etch end point criteria) and finally to 

fications. Indeed, in a product wafer, the real thickness of the complete the etching process. In this instance, the etching is 

SiO^ layer IS is given by E±e, where e is the film thickness 40 conducted according to the time tmckness control technique 

error and its real refractive index is given by N±n, where n mentioned above. The use of an inexpensive sample wafer 

is the refractive index error. The refractive index error n is has obvious cost advantages over the use of a product wafer 

a major source of optical characteristic dispersion caused by but it may behave differently because of topographical 

ihickness and differences in composition in all the layers differences. The most advantageous solution appears to be a 

forming stack 12. The errors e arid n result from the process 45 combination of a coarse determination of the etch end point 

variations from wafer to wafer previously mentioned In our criteria by theoretical computations and to the use of a 

example, E=650 nm, e=65 nm (assuming e to be 10%), product wafer which was positioned in the middle of the 

N=about 1.4$ and n=about 0.02. The selected wavelengths carrier during the previous TEOS Si0 2 deposition step for 

LI and L2 must be adapted to the particular refractive index fine adjustment thereof. Once adjusted that way, the rcmain- 

N of the Si0 2 layer 15, and more generally, to the optical so ing product wafers of the lot can be processed without 

properties of stack 12. The Si0 2 layer 15 must be transparent special care. As a result, a costly product wafer used to 

to both wavelengths. However, it is essential that the terminate the catfbration of system 20 will not be wasted. 

. selected wavelengths LI and L2 be greater than a theoretical Detexniining the etch end point-criteria^wm be described . -- 

imnimum Lmin=4*N*e, i.e., Ll>Lmin and L2>Lmin. This hereinafter with reference to the etching of a sample wafer, 

choice is particularly important to eliuiiinate optical path 55 First the sample wafer is placed inside the REE tool 21. 

dispersions from one wafer to the next or from the wafers of A beam of light that includes two radiations of wavelengths 

one lot to another. In the f oUowing description, it is assumed LI and L2 is generated by mercury lamp 29 and coupled to 

mat L2>L1. Furthermore, it is desirable to have the lowest the top view port 26 to ffluminate the wafer. The reflected 

possible values for LI and L2 to get maximum accuracy. light beam which results from wafer iUumination is applied 

Additionally, it is required that the corresponding primary 60 to spectrometers 33A and 33B via optical cables 32A and 

signals SI and S2 display a different behavior, at least in the 32B. The processing unit 34 and the printer 37 are turned on. 

period of time where some selection tests and measurements The system 20 is now ready for operation, 

(to be described in more details hereinafter) are made on the As soon as the etch process and the monitoring have been 

product wafer. Particularly, if wavelengths LI and L2 are started, spectrometers 33A and 33B. respectively, generate 

selected to be different but relatively close of one another, it 55 analog interference signals SI and S2 that are illustrative of 

is recommended to introduce a desired phase shift between the intensity of the reflected light, as a function of the 

signals SI and S2, typically, of the order of a quarter of a elapsed time for their respective radiation. After conversion 
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to digital form and filtering, signals SI and S2, are filtered from FIG. 5A, this number Kl(l) represents the sum of 
through numeric filters to generate, respectively, derivative half-period between interface 16a (at a maximum) and the 
signals S'l and S'2. Derivative signals S'l and S'2 are first minimum (from interface 16a), the next four interme- 
obtained by numeric filtering of signals SI and S2 (using a diate full periods and finally a quarter-period, before reach- 
mathematical algorithm for harmonic elimination, as known 5 * n g surface 16b. On other hand, the value of the thickness of 
to those skilled in the art). The purpose of this signal toe TEOS layer IS which remains at the end of the etch 
processing is to generate a derivative signal that crosses an Process, illustrated by surface 16c, is known and is equal to 
arbitrary X axis when the corresponding primary signal Ef. In tarn, this value can be converted to a fraction of period 
crosses an externum. Processing the zeroes of the derivative T1 * 111 fte instance where Ef=100 run, this number Kl(2) is 
signals is more accurate than processing extrema of the 10 g^L^ Kl(2M2*N*EfyLlK2*1.48*100)/404.7=0.73 
primary signals, because of abrupt transients thereof. In the 1 \ Thls va ^ e ** T\5noo J^i** 5 ^? ^ ^ 
present case, the numeric filtering that has been imple- extrema rnenuoned atove) and 0.^ TL FinaUy, the number 
mented broadly opiates like a derivation of the i 

^L^.. . ^ . . . . (8*V*+O.02) Tl, so that Kl(3), the integer number of zeroes, 

Deterrrunmg the two mam parameters of ^mom^nng 15 h g ycn b Kl(3)=8. These zeroes arelabelled by a number 

™& ranging from 1 to 8, and are shown encircled in FTC. 5A. As 

. J^S"* ^ tmTBWtetaA, ™***&h U far as .signals S2 and . S'2. arc .concerned, corresponding 

and 12 preferably requires plotting the graphs of the primary numbers K2(l) and K2(2) may be established. We have 

and derivative signals. FIG. 5A shows an idealized graph K2(1)=(2*N*E)/L2=4.41 T2 (T2 is the period of signal S2), 

representing the waveforms of primary signals SI and S2, 20 K2(2)=(2*N*Ef)/L2=0.68 T2 and K2(l)-K2(2>=3.73 T2, so 

and the derivative signals SI and S'2 that have been that K2(3>=7. These zeroes are labelled by an encircled 

obtained for the sample wafer under consideration. Similar number that ranges from V to 7 (FIG. 5A\ 

schematic plots would have been obtained from the theo- According to the monitoring method of the present 

retical computations mentioned above. For sake of clarity, in invention, counting of zeroes starts after a certain delay 

FIG. 5A, the various surfaces/interfaces described above by 25 following the beginning of the etch process. This delay, 

reference to FIG. 1 are shown. referred to as the RATE TIME KT (RT meaning either RT1 

The STOPTHICKNESS and the RATE TIME parameters or KT2), is determined by several experiments that are 

constitute the etch end point criteria that are essential to the conducted on the sample wafer. The rate time RT is the "time 

implementation of the monitoring method of the present disregarding period" which takes into account the time to 

invention, and which will be discussed hereinafter in greater 30 perform the necessary operations during wafer etching, 

^tefl- essentially the tests for selecting the best primary signal 

Use STOP THICKNESS Parameter (with the most adequate wavelength) and measuring the etch 

According to aprinciple of the present invention, the etch rate ER and, secondly, the time to initialize the numeric 

end point is not determined from the TEOS surface 16b as filters and to normalize the primary signals SI and S2. The 

practiced in prior art techniques described above, but from 35 method far detenrdning the rate time KT will be described 

the TEOS Si0 2 /Si 3 N 4 interface 16a. In particular, the STOP hereinafter in more detail 

THICKNESS parameter ST is first based on finding the Referring to FIG. 5A wherein the last zero in curve S*l is 

interference curve of a primary signal S (S meaning either labelled (1), let it be assumed mat the rate KT1 for signals 

SI or S2) maximum at the TEOS SiOa/Si^ interface 16a, SI and S'l corresponds to the zero labelled (5) at elapsed 

as shown in FIG. 5A. Consequently, if one considers that the 40 time tO. As apparent from FIG. 5A, the number XI of zeroes 

nominal thickness E of the initial Si0 2 layer 15 and the final between the zero labelled (5) (not included in the count) and 

desired thickness Ef thereof which remain at the end of the the last zero labelled (1) equals 4. XI is the first component 

etching process have a definite value, the shape and the of the ST1 parameter. Similar reasoning applies to signals S2 

number of periods T (T means either Tl or T2) of signal S and SZ so that X2 is also found to be equal to 4 (assuming 

is identical at a given distance from interface 16a, regardless 45 a rate KT2 shown in FIG. 5A to correspond to the zero 

of the wafer and the thickness error e due to process labelled (5*)). As apparent from FIG. 5 A, the rate RT2 for 

variations. In addition, because of the particular choice made signals S2 and S'2 is different from rate KIT, and there is a 

for the selected wavelength L (L meaning either LI or L2), non-negligible periodicity difference between primary sig- 

surface 16c which corresponds to the given thickness Ef will nals SI and S2, particularly, in the active area for a duration 

be located between two consecutive extrema of the primary so TV (IV meaning either Trl or Tr2) of about two periods T. 

signal S or two zeroes of the derivative signal S' (S' meaning The second component of parameter ST is the distance D 

either SI or S'2), Le., a half-period. The last extremum is (D meaning either Dl or D2) between the last extremum of 

thus located at a distance from interface 16a corresponding primary signal S and surface 16c. The distance which 

• * to a full period T (FIGrSA) or; more generally/to a multiple corresponds to~one"period T is equal to I72*N; Distance* D" 

thereof. There is thus a last zero of the curve S' correspond- 55 is then easily derived from the relation D=L/2*N-Ef. Still 

ing to the last extremum located at a determined distance D using the above figures, Dl=404.7/(2* 1.48)-100=37 nm and 

(D meaning either Dl or D2) from the surface 16c. In D2=435.8/(2* 1.48)- 100=47 nm. 

summary, the number of times this primary signal S crosses Finally, the third component, referred to by letter A, is 

an extremum between surfaces 16a and 16c is precisely related how the zero crossing of the derivative signal S' after 

determined. Practically, it is performed by counting the 60 the rate FT has elapsed takes place, i.e., depending if it is 

number of zero crossings of the derivative signals S' until from an upward or a downward transition. As apparent from 

surface 16c is reached. FIG. SA, the zero labelled (5) of signal S'l is reached by a 

For the sample wafer, the nominal thickness E allows downward transition. It is worthwhile to introduce this 

computation of the theoretical number of periods Kl(l) component in the ST parameter, for full description thereof, 

between surface 16b and interface 16a for primary signal SI. 65 In the first case (downward transition), A is represented by 

This number is such that K1(1)=<2*N*E)/U= (2*1.48* a first value or sign, (e.g. Aj=+), and by a second value or 

650y404.7=4.75 Tl (the period of signal SI). As apparent sijgn. (e.g. T A=-) in the appropriate case. 
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Therefore, most generally, the STOP THICKNESS ing RATE TIME KT2. The RATE TIME FT is thus a time 
parameter ST is represented by the word AX D (D given in period that corresponds to Ac time interval required for the 
nms). The STOP THICKNESS parameter ST is established derivative signal S' to travel from surface 16b to the selected 
for each wavelength LI and L2. With the experiments zero thereof, in an upward or a downward transition, 
described hereinabove by reference to the sample wafer, 5 The ST and KT parameters are inputted in the computer 36 
illustrated in FIG. 5A, the respective STOP THICKNESS to meet the etch end point criteria of the product wafers to 
parameters ST1 and ST2 for each wavelength, are thus be subsequently etched Etching of the sample wafer is 
represented by ST1=*4 37 and ST2=-h4 47. Since in mis stopped as soon as the etch end point is reached and the 
case, the two wavelengths U and L2 (and thus, the corre- sample wafer is removed from the etching equipment 21. 
sponding periods Tl and T2) are slightly different, XI and 10 The remaining thickness of the TEOS layer 15 is measured 
X2 have equal values (X1=X2=4), although the distance and the STOP THICKNESS ST parameter adjusted, if so 
components Dl and D2 are different required. System 20 is now calibrated and ready for pro- 
Hie RATE TIME Parameter cessing the remaining product wafers of the lot For each 

Numeric filtering requires a determined delay before the product wafer, the computer determines the etch end point 

numeric filters are stabilized and the primary signals nor- 15 using the ST parameter and knowing the delay, referred to as 

malized to provide reliable results adapted to a manufactur- the "time disregarding period" tO (=KT), that it must wait 

ing environment Alternatively^ a finite time is required to - - before initiating the - signal- processing. After- this -lime 

proceed to the necessary steps of testing the primary signals disregarding period" has elapsed, numeric filtering takes 

SI and S2 to determine the best and, thus, which wavelength effect the primary signals are normalized and the computer 

is to be selected for monitoring the etch process. 20 analyzes the primary signal SI and S2, as mentioned above. 

.S imultan eously, several other measurements are conducted C) Monitoring the etch process of a product wafer 

to determine the average etch rate ER that is necessary to The difficulty of accurately etching to a given thickness is 

calculate the remaining time of etching when the last maxi- illustrated in FIG. 5B, which is derived from FIG. 5A. As 

mum has been reached. It is important to notice that the etch apparent from FIG. 5B, etching of a product wafer may 

rate ER measurement is very accurate because it is con- 25 begin at any point of the curves representing primary signals 

ducted on-line and in- situ, so that it perfectly corresponds to SI and S2 in the hatched zone as a result of the thickness 

the real etching condition of the wafer (sample or product) error e due to process variations. 

undergoing etching. All these delays take into consideration Assuming the etch end point criteria to be determined as 

the RATE TIME RT parameter, another essential parameter described above, the flow-chart referenced 60 in FIG. 6 

of the present invention. The basic rules to be used for the 30 shows the essential processing steps of the method for 

RATE TIME RT determination shall now be described. monitoring the dry etching of a dielectric film down to a 

Determining the RATE TIME RT first requires to estimate given thickness Ef or STOP THICKNESS. The first prin- 

the time mat is necessary to proceed to certain selection tests ciple of the present invention calls for continuously moni- 

and measurements. From previous experiments, it has been toring the remaining thickness of the Si0 2 layer 15 from the 

demonstrated that although one test over a half period is 35 SKVSi 3 N 4 interface 16a and not to measure the etched 

sufficient to determine the best primary signal SI or S2 (and depth from the top surface 16b of the Si0 2 layer 15. The 

thus which wavelength is the most adequate) to measure the second principle is to use at least two wavelengths whose 

etch rate, it seems that the optimum number of selection tests values are determined by the thickness error e. The use of 

is about two. In this case, the total test period is equal to a two wavelengths allows to eliminate the thickness error e of 

full period T. However, if there are no special time 40 the optical characteristic dispersions in stack 12 and, in 

constraints, more tests can be made for greater accuracy. The particular, of the possible mis adaptation between a selected 

method will be described by reference to signals SI and SI wavelength and the refractive index N of the Si0 2 layer 15 

illustrated in FIG. 5 A. If the last zero (1) of signal S'l is that are similarly caused by said process variations. The 

excluded for practical reasons, it follows that zeroes (2), (3) essential steps of monitoring etching of the product wafers 

and (4) are required for the selection tests. This time being 45 of a similar type as the sample wafer used for calibrating the 

reserved, the first zero now available is the zero labelled (5), system 20 will be now described by reference to FIG. 6. 

which corresponds to a duration Trl equal to two periods Tl Once the system 20 has been calibrated, the first product 

necessary to reach the zero labelled (1). This duration Trl wafer of the lot is introduced in the etching equipment 21 

appears sufficient to proceed to the measurements that are (61). The wafer is illuminated by a light containing radia- 

necessary to determine the etch rate ER1. As a result, still for so tions having wavelengths LI and L2 (62). provided with 

this sample wafer, and only as far as the selection tests and appropriate values (63). The etching process is then initiated 

etch rate measurements are concerned, an adequate RATE (64). Primary signals SI and S2 and respective derivative 

.TIME KT1 would be 4.75 Tl-3 Tl=1.75Tl..Starting from signals. Sl.and. S'2.are. generated .by the computer (65). 

surface 16b with a nominal thickness E, the time to that is While the etch process progresses, the computer 36 waits for 

necessary to reserve this delay KT1 is given by RT1= 55 a delay equal to the RATE TIME RT before initiating the 

(1.75*L1*60)/(140*2*N>=103 sec (assuming an average analysis primary/derivative signals Sl/S'l and S2/S'2. 

etch rate ER1=140 cm, an estimated value or the average Therefore, computer 36 plots the graphs of the pairs of 

value measured on a preceding lot of wafers). It just remains signals Sl/Sl and S2/S7, but refrains from analyzing them 

now to check that this delay RT1 is adequate to have the until the respective RATE TIMES RT1 and KT2 have 

numeric filters stabilized and primary signals normalized. It 60 elapsed. Then, the computer simultaneously performs a 

has been shown that the stabilization time is substantially number of tasks for each primary signal (66). More 

less than half-period Tl. i.e.. about 30 sec in the described specifically, it counts the number XI and X2 of zeroes to 

example of FIG. 5A. Note that zeroes labelled (6) and (7) detect the last zero of derivative signals SI and S'2 before 

instead of (5) could have been used just as well with regard the surface 16c corresponding to the thickness Ef is reached, 

to the test/measurement time Trl, if the above mentioned 65 It also selects the tests of comparing the two pairs of signals 

conditions to stabilize the filters and normalize the signals Sl/S'l and S2/S , 2 over the minimum period of time (i.e.. a 

are to be met A similar reasoning also applies to detennin- full period) to be capable of deterrnining the best pair. 
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Additionally, it calculates the etch rates ER1 and ER2. (2). Each measurement is made over a half-period so that the 
Before the earliest of the two zeroes (1) and (1*) is reached, two measurements remain within one period TL To date, the 
it selects the most adequate signal/wavelength pair and minimum time to complete the etch rate measurement 
determines the remaining time dtl or dt2, depending on the appears to be half-period. The upper limit is determined by 
selected wavelength. Assuming that the best signal pair is 5 the time that is necessary to travel torn the selected zero to 
SlTS'l, as soon as the zero labelled (1) is reached, the the given thickness. In the present case, a full period appears 
computer counts down the remaining time dtl (that was to be the optimum time, whereas the etch rate ER1=(ER1 
previously computed) to 0, stops the etching process by (l}+ERl(2)y2. Similar reasoning applies to deteniiining 
activating line 38 in FIG. 3. As a result, the etch process ER2. In the experiment illustrated in conjunction with FIG. 
terminates exactly at the etch end point, Le., at surface 16c. io SB, it has been found ER1=140 nm/min and ER2=145 
All these operations are performed in (66) using the etch end nm/min. 

point criteria stored in (67) which will now be described in In order to determine the best pair of primary signals for 
more detail a particular refractive index N of the wafer being processed. 

Still referring to signals SI and S'l, as apparent from FIG. the selection tests can be performed in the same two half- 
SB, and depending on the initial point of etching 15 period intervals between zero locations (4) and (3) on the 
(somewhere in the hatched zone), the first zero met by the one hand, and (3) and (2), on the other. For each pair of 
c ? m ? utcr , aftcr . t ?! c time KT1 has ^elapsed will be either signals, two categories of test criteria are adopted. The first 
ftie zero labellcd^S) or rtiezeFo la^ is related to tie symmetry of the curves dieting the signal 

is no longer a problem, since, according to an essential pair S/S* and the second, to the etch rate value ER. The 
characteristic of the present invention, all the disadvantages 20 comparison between signal pairs Sl/Sl and S2/S'2 is ana- 
caused by the thickness error e are now eliminated. This is lyzed in order to determine which is to be selected. This can 
a direct result from the choice of wavelength LI, (Ll>Lmin) be achieved in a number of ways including the use of expert 
and the value of component Al of the STOP THICKNESS systems or neuron based processors, 
parameter ST1=A1 XI Dl=+4 37. The implementation of the first category of criteria, which 

Still referring to FIG. SB, if the product wafer is at the 25 necessitates three symmetry related tests, will now be 
maximum thickness of the specification, Le., E+e, the "time described. For convenience sake, these tests are made by 
disregarding period" from the origin (t=0 at surface 16b n ) reference to signal pair Sl/Sl. They include: measuring the 
corresponds to t*0 on the time axis, just after the zero amplitudes il and i2 of two successive extrema (they are 
labelled (6). The first zero met by the computer is therefore directly related to signal intensity) of primary signal SI, the 
the zero labelled (5) on a downward transition (Al=+) which 30 distances and the curved surfaces between two successive 
is identified as such by the computer. The computer knows zeroes for the portion of the derivative signal S'l between 
that it will count four zeroes (Xl=4) from the zero labelled zeroes labelled (4) and (3) and between (3) and (2), respec- 
(5), the latter being excluded from the count Alternatively, tively. The results are compared to determine if they are 
if the product wafer is at the minimum thickness of the identical The closer they are, the better the symmetry of 
specification, Le., E-e, the 'lime disregarding period" now 33 signal pair SlTS'l will be. The second category of tests 
corresponds to t"0 from the origin (t=0 at surface 166'), just consists of conducting different etch rate measurements 
before the zero labelled (4). In this case, because the during the same period and checking that the value does not 
computer meets the first zero on an upward transition, it significantly change with time. As soon as computer 36 
knows that four zeroes have to be counted, including the detects a significant change in the etch rate value, the 
zero labelled (4). In both cases, the first zero to be taken into 40 corresponding signal pair and, thus, the corresponding 
consideration, once the *1ime disregarding period" (given by wavelength are disregarded Similar selection tests and 
the rate time KT1) has elapsed, is the zero labelled (4). analysis are conducted on signal pair S2/S'2. Tolerated 
SirriilarreasomngappUestosigiiak^^ variations with regard to these tests are inputted in the 

for selecting wavelengths LI and L2 thus ensures that the computer. As a result, whenever a result is not acceptable for 
''time disregarding period- be centered around the zero 45 a deterrnined primary signal, the latter is dismissed by the 
labelled (5), which is within one period Tl. In other words, computer. The best primary signal and, thus, the correspond- 
the time interval t'(M"0=Tmin, where Tmin<Tl, as apparent ing wavelength are selected in to (68). The selection crite- 
from FIG. 5B. This feature is a determining factor to rion discussed above is not apparent from FIG. SB because 
eliminate the uncertainty mentioned above. signals SI and S2 have been illustrated having an ideal 

To end the etch process at the desired etch end point, the 30 shape. This assertion will be better understood in conjunc- 
remaining time dt is also determined. The remaining time is tion with FIGS. 7 and 8, which are computer printouts taken 
the time necessary to reach the etch end point at surface 16c during the monitoring of etching a product wafer, according 
from the last externum. In turn, the remaining time dt to the monitoring method of the present invention. 

requires that the value of the- etch rate ER be* also'deter- FIGSr 7 and 8 illustrate the waveforrns^mat "are* obtained 

mined. This etch remaining time is given by dt=D/ER, 55 during the etch process of product wafer that were used by 
wherein D is known from the stop thickness ST parameter. computer 36 and by operators servicing the RIE tool. [Note 
As a result, while the etch process progresses, the etch rate that the nominal thickness of the product wafer that was used 
ER is accurately deterrnined in-situ for the product wafer by for these experiments is not the 650 nm shown on top of 
performing a few measurements. Because this value cannot FIG. SB]. 

be easily obtained in real time, it is approximated by an 60 Referring to FIG. 7, curves are shown that illustrate two 
average etch rate value on a preceding period, e.g., between primary signals SI and S2 at time t, a few seconds before the 
zeroes labelled (4) and (2) of signal S'l. Since two succes- etch process stops. As apparent from FIG. 7, signals SI and 
sivc zeroes of the S'l signal are separated by a thickness S2 are perfectly well adapted to the optical properties of 
reduction equal to L1/4*N, in order to determine the respec- stack 12 and in particular to the refractive index N of the 
tiveetchratevaluesERl(l)andERl(2),afii^measurement 65 Si0 2 layer 15 of the wafer under consideration. Obviously, 
will be performed between zeroes labelled (4) and (3), either primary signal SI or S2 is adequate and, thus, either 
followed by a measurement between zeroes labelled (3) and wavelength LI or L2 may be selected. The selection tests 
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preferably terminate at time tl (the latest of the two elapsed 
times tl and fl) for both signals SI and S2, before making 
a decision. Alternatively, FIG. 8 shows a primary signal S2 
that is totally misadapted to stack 12 and to the refractive 
index N. In this case, wavelength L2 must obviously be 5 
disregarded. Indeed, as apparent from the comparison 
between signals SI and S2 of FIG. 8, as far as the symmetry 
criteria is concerned, it is clear that signal S2 not only lacks 
good periodicity, but it also shows poor intensity. Signal S2 
would also fail the etch rate test because of inadmissible 10 
variations as a function of time. 

Assuming signal SI of FIG. SB to be selected by the 
computer. The computer can now terminate the etch 
operation, according to (69). The remaining time dtl corre- 
sponds to the time to travel from the last extremum of curve u 
SI corresponding to the zero labelled (1) of curve SI to 
surface 16c (etch end point). It thus requires the knowledge , 
of the etch rate Value ER1 that was previously calculated for 
the wafer being etched. The remaining time dtl=Dl/ERl, 
Dl being available from the STOP THICKNESS parameter 
ST1. For, Dl=37 nm, dtl^37*6Q/140=16 sec. For signal S2, 20 
with D2=47 nm and ER2=145 nm, the corresponding 
remaining time value would have been given by dt2=19 sec 
When this time has elapsed, the etch process stops as 
indicated by (79). This indicates that the surface 16c has 
been reached and that the real thickness of the rernaining 25 
Si0 2 layer 15 is very close to the desired value Ef. 

Although, the monitoring method of the present invention 
has been described by separating the preliminary steps of 
determining the etch end point criteria using a sample wafer, 
practitioners of the art will understand that the sample wafer 30 
may be a product wafer selected from a lot to be processed, 
provided that care is exercised not to etch in excess so as not 
to waste it. as was mentioned above. 

If the technology is capable of producing the stack 12 with 
no optical characteristic dispersions or if a dedicated site is 35 
specifically used far that purpose, the use of one wavelength 
instead of two can also be envisioned. 

The monitoring method of the present invention has 
definite advantages. First of, the Si0 2 layer 15 is etched 
down to a given thickness with great accuracy. In addition, 
it allows a significant reduction of processing time because 40 
ex-situ measurements are no longer required, the number of 
processing steps is reduced, therefore minimizing the risk of 
human errors. The processing time is also optimized, and it 
is equal to the time necessary to reach the given thickness. 
Furmermore, there is a significant reduction in rework as a 45 
result of the good reproducibility of the Si0 2 remaining 
layer 15 thickness that is finally obtained. As a direct 
consequence, there is less contamination and rrianufacturing 
yields are unproved. The use of at least two specified 
wavelengths combined with a large size light beam allows to 50 
eliminate optical characteristic dispersions in stack 12. 
However, as explained before, in certain cases, the use of a 
small size light , beam and .only, one specified wavelength 
could be envisioned as well. Finally, the etch rate measure- 
ment not only provides an accurate value in-situ and on-line 
for the product wafer being processed but it also allows to 
directly control any drift of the etching process parameters, 
thereby providing valuable information for intelligent main- 
tenance of the etching equipment 21. 

Whereas this invention has been described with respect to 
a preferred embodiment it will be understood by one skilled 
in the art that various changes inform and detail may be 
made therein without departing from the scope and spirit of 
the invention. 

What is claimed is: 

1. An apparatus for etching a semiconductor substrate 
having an insulating layer formed thereon, the apparatus 
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automatically terminating etching upon reaching a predeter- 
mined thickness Ef of the insulating layer, comprising: 
an etch chamber having a view-port formed in one wall 
thereof, wherein the substrate is inserted to receive an 
etch treatment; 
light source means for generating light having at least two 
wavelengths, said wavelengths having a value greater 
than 4*N*c, wherein N is the refractive index of said 
insulating layer and e is the thickness error of said 
insulating layer, 
optical means for transporting light from said light source 
means to illuminate an area of said substrate, wherein 
said light shines through said view port at a substan- 
tially normal angle of incidence, and for collecting said 
light reflected from said insulated substrate; 
coupled to said optical means, spectrometer means tuned 

to' a predetermined wavelength for converting said 

reflected light into at least two analog interference 
signals having an intensity that varies with a reaction 
time; and 

signal processing and analyzing means comprising: 
means for digitizing said analog interference signals to 

generate respective digital primary signals; 
means for initiating an analysis of said primary signals, 
said analysis being initiated a redetermined amount 
of time after said etching has begun and defining a 
selected extremum for each of said primary signals; 
means far counting a predetermined number of said 
extrema starting from said selected extremum and up 
to the last of said extremum of each of said primary 
signals prior to reaching said predetermined thick- 
ness Ef of said insulating layer; 
means for detennining a distance between said last 

extremum and said preselected thickness; 
means for measuring in-situ etch rates for each of said 

primary signals; 
means for analyzing symmetry of waveforms of said 
primary signals and said etch rate variations to 
identify a singular of said waveforms that is best 
adapted to the composition of said dielectric layer, 
means for detennining a r emainin g time for the 

selected said primary signal; and 
means for terminating said etching process upon elapse 
of said remaining time. 

2. The apparatus as in claim 1, wherein operations per- 
formed by said signal processing and analyzing means are 
performed on a signal derived from said primary signals by 
numeric filtering. 

3. The apparatus as in claim 1, wherein said light source 
means is a multi-wavelength light source. 

4. The apparatus as in claim 3, wherein said multi- 
wavelength light source is selected from the group that 
.consists of a mercury, a halogen and a xenon polychromatic. . 
light source. 

55 S. The apparatus as in claim 3, wherein said multi- 
wavelength light source comprises a plurality of lasers, each 
having a determined wavelength. 

6. The apparatus as in claim 3, wherein said multi- 
wavelength light source comprises at least one monochro- 

^ marie laser and one polychromatic light source. 

7. The apparatus as in claim 1, wherein said optical means 
includes a condenser lens. 

8. The apparatus as in claim 1, wherein one of said 
wavelengths is combined wife said illumination of said area 
of said substrate. 

65 

* * * * * 
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